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xcessive costs and system penalties are associated with 60-Hz to 400-Hz 
shipboard frequency changers. Data on these costs and penalties is provided. 
Methods are explored to reduce the need for both motor-generator sets and 
solid-state frequency changers. 

The use of a new technology, switching mode power supplies, shows 
considerable promise as a method of eliminating the need for frequency 


EDITION OF ' NOV 6515S OBSOLETE {more over) 


S/N 0102 LF 014 6601 UNCLASSIFIED 


SECURITY CLASSIFICATION OF THIS PAGE (When Date Entered) 


Lf D3 7 KD) 


UNANNOUNCED 
AUSTIEIGATION. -.0--. cree 


eY wnat a 
DISTRISUTION /AVAILADITY Cices 


Dist. ~Avelk 


| ) 


| 
| 
eS 
| 
| 


___— UNCLASSIFIED 
ON 


RITY CLASSIFICAT F 1615 PAGE When Date Enteree 
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changers. These switching regulator power supplies, which are being used in 


Shipboard electronics for other purposes, are discussed. 
The need for shipboard frequency changers can be cost effectively reduced) 
on Navy surface ships throughout the fleet in a time period approximating the 


life cycle of an electronic system. 
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Objective 

Investigate the cost and 
system penalties associated 
with shipboard frequency 
changers and explore 
methods of reducing the 
need for such equipment. 


Results 


The investigation drew the 
following conclusions: 

a. The use of frequency 
changers aboard Navy ships 
is excessively costly 
compared with other 
approaches. 

b. Switching mode power 
supplies being used in 
shipboard electronics for 
other purposes can be used 
to eliminate the need for 
frequency changers. 

c. The need for shipboard 
frequency changers can be 
reduced cost effectively ina 
time period approximating 
the average life cycle of an 


electronic system. 

This report recommends 
taking the management a 
technical steps necessary 
reduce the need for 
shipvoard frequency 
changers. It is hoped that thi 
report will convince the 
reader of the desirability of | 
such a reduction and will 
enlist his support in 
accomplishing it. 
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Running-Time Meters 

MIL-M-3971 covers de and ac running- 
time meters. The dc version uses an inertia 
wheel driven by an escapement 
mechanism similar to that in a watch. While 
designed for dc, it will operate from ac 
power between 20 and 200 Hz. At higher 
frequencies there is insufficient time to 
wind the meter on a half power cycle. The 
mere addition of a rectifier to the meter 
would make it frequency insensitive. The ac 
versions use synchronous motors and are 
frequency sensitive. The 60- and 400-Hz 
versions have the same form and fit. 

As with circuit breakers, present 60- or 
400-Hz running-time meters could be 
installed as required in electronic 
equipment that is otherwise frequency 
independent. However, because it would 
be simple to develop a frequency 
independent running-time meter, it is 
recommended that this be Jone and that 
the present 60- and 400-Hz versions be 
used only in the interim. 


ore 


ee 


oe 


Ull4a}Ul Ul pasinbas se SUOISIBA ZH OOP 40 ZH-09 2SN @ 
Jayaw aii} Huluuns Juapuadapul-Aduanbasy dojanag @ 


uol}epuawwosay 


ajqiyedwod }1y pue wo} ae ZH OOP Pue ZH O09 @ 
juapuadap Aduanbal4 @ 
c HSV 1S 
juapuadapul Aduanba.y Ajje}O} ayew 0} UONeIIjIPOW OUI) @ 
ZH 00Z — OZ pue 2p juapuadapul-Aduanbai4 @ 
L HSV1S 


suoisnjauod 


2H O00b 2%8A OCL 
ZHO9 PA OZL uaAlup 400 snoudsyaUAG = Z HSW 1S 


IPA O€L-OV 
IPA Ob-b uaAup yuawededsg =| HSVWI1S 


LLZ6E-W IW 
pasapisuoy sadAj 


S49JOW BWI Suluuny 


Le Bi a il tn Daa 


“aoinos samod awud preoqdiys ay} woody 
aye1ado 0} painsoid aq ued 10 JuUapuadapul 


Aduanbay si juawidinba ay} pepuoid 
SdNOY) dy} PYLW JAINJDe}|NULW JU} ja] O} SI 
yoeoidde papuawwiodai ayy ‘Alojoeysiyes 

are sayoeoidde asay} jo jy ‘satuosda|a 

GU} 10} pasn Si ZH OOP }! Uane siamojq pue 

SUB} 10} JA2MOd Z}4-()9 sn Oo} JUaWdinba 

DUOIDa]a alinbai pue zamod preogdiys 

auiud Z}4-(9 auinsse suoyPoyioads 

jUasald *SUOIDa]a ay} UIUM 

SI@MO]Q PUP SUP} 10] Paau ay} ayeUuIWUS 
ued spoyjaw Buyooo aayeusayy 

‘AAUP 1OJOW Ip JO de jeUOI}USAUOD 

e ue} anisuadxe a1ow Ss! yoeoidde sayy 

‘10JOW GAL Je Ue Jamod O} pasn sI JapLaAU! 

juapuadaput-Aduanbay e ‘1ayjJO aU} 

U] “JAMO 10 UL} BY} JaMOd Oo} pasn si 10}OU 

QAUP Op & pue “Op O} payijoai si amod ‘auo 

UJ ‘SUOIFEANBYUOD }INIII9 OM] JO Jaya Ul 

‘JaAamoy ‘ajqissod aie suBisap juepuedaput 

Aguanbal ‘aayisuas Aduanbady 


[fe are Aay ‘suoyeoyioads Arey iw QZ 
Jano Aq pasaAod ale Slamo]q pue suey 
siamo] g pup suv 


icp i RS aN AES i sn A er mn eo = Foe Re te ce hin = 


10r 


SJ9MO/G 410 SUL} BALIP O} JAMOd BWIId WO} eId asH ee 
SJ9MO}|q JO Sue} JUaPUad|apU! AdUaNba|lj as, @ 
S49MO|q PUR sue} BJEUIWII|Z @ 


ih iin a A Li 2 


0} }UBaWdINb~a 91u04}9aja auinbay 


sUOI}ePUaLULWODaY 


S49MO|/q PUe SUL} B}JeUIWIJa ULD SpOYJaW HuljoOoOd a}eUIa|V e@ 


SALIP 98 + 18}49AU! JUBPUSdapU! ADUaNb|al4 
BALIP OP + UOIJEDIJIIDAY @ 


ajqissod aie subisap juapuadapul Aduanbai4 
dAlzIsuas Aduanbasy ase palyioads ssaMojq pue sue} iV e 


suoiIsnjouogd 


suoljeoiioads Asezijiu QZ Aq paiaA09 suamojq pue suey 
paiapisuog sedA 1 
SABMO|G pue suey 


‘J@YUN} Passnosip si pue ubisap juawdinba 
DUOIDe2@ preoqdiys ul uoYeJapisuod 


Jeotuysa} JueHOduu ue si UoVONpal 
JUGUND NUOWUL]Y “Wa}sAs ay} JO JSa1 BY} 10 
sayddns 1amod diseq ay} uo joeduu! OU YM 
suuaj}sAs O}U! payesOduoou! aq 0} ABoJOUYIE} 
Ja}y ul syuawanoiduul smoyje sun ayeredas 
se Slay NuOWWeY ay} Buldaay ‘A1ojoRjsiyes 
Al|[N} pasapisuod st syuauNd s1uOWWeY 
Sulonpai Oo} saydeoidde juasaid ay} jo 
GUO “Wa}sAsqns 10 Jaulged Jed panbai s! 
Japaauod pieogdiys auo AUG “Jay JUeLIND 
DUOULLY BY} PUR Jas Payt}Ie1-1BWOJsUeI} 
® JO S]SISUOD JBWeAUOD preogdiys au] 
‘sjanay ajqeydaoce 0} soluOULeY UOHeIyIAI 
ayenuaye oj Aressadau siay[y NUOWWeY 
AU} SUIEJUOD Os|e J@WaAUOD pieogdiys ay 
“‘I@WAAUOD Jiseq ay} Aq pajdacje Dp/\ YLZ 
2} O} }! SH@AUOD puk Jamod pieogdiys 
2H-09 ¢ € s}dad0e ey} pappe si JaaAUOD 
preogdius e ‘alojaioy | jana] abeyon 
Ul JO UMeIP S}UaUND 1UOWLLY Ul Jaye 
saainos Jamod parogdiys ym ajquedwios 
JOU SI JBWaAUOD DP-o}-dp diseq aU. 
‘J@UAAUOD dISeq e Aq papinoid 


cot 


BOANOS /\ G e WO IPA GZF pue ‘GT + ‘G+ 
apinoad 0} ajqeyiene are (“GZ ‘MST MS) 
slaPanuod AreyKNe |[eus ‘SWiaysis SOU 


ul pasinbal si A G+ aduUls ‘MW O9F 0} 0S 
wo sabued amod snouen ul IP/\ 8Z/GTS 


40 ‘OPA ST/ZT OPA ZS/G ajqewuesboid 
-uid aie saBeyon yndyno (‘paytysas 
si tamod def 00Z/GTT UeyM paute}go 
S! OPA 022) AVOL-G.LS-TIW 49 pauyep 
se ‘ramod opp QZ 10 Jamod se/ Y0Z/STT 
2H-00P ? € JoUye s}deo0e yey} ABpeAUOCD 
IP-0}-9p 10}e/N5ai1 Huryoyums e si Ajddns 
Jamod aiseq au} ‘(77 A4 Buyeys) pantanuoo 
Aquasaid sy ‘uoysajas uoyeInd5yuoo 
dU} Ul payeulwopaid aney syuawasinbas 
yesoire ay} ‘esoire UO suOT}OUJsal JUBIOM 
pue azis ay} Jo asnedag ‘suoyeoydde 
pieoqdiys pue yesdute ul saynpow JayjO 
pue WS YIM pasn aq ued yey} sayjddns 
Jamod jo Ajiwiey prepurys e Suidojanap 
je pawie s} weiboid q7py (WIS) 

a[Npop] WUoIDa/W prepurys Aneyy ou 
winsboig ajnpo 21U04492/7 pappuvj}g 


as ee 


ANE IS ONDE antigen ee ATR, SORE SPRINTER HERI DPR pene Neen etn ent ere ome 


£01 


NOILVYNSISNOO GYVOddIHS 


a 0 eee 


LAVYOYIV YO4 GAZIWILdO 


Y3LYAANOD 
90 O1 9G ¥3LTIs 


JINOWYVWH 
+ 
HILYIANOD IGA 022 J y351HSANO9 


AYVITIXNVY 00 OL OV 


Y43LYAANOO 
90 OL 9G 


Ajddng 1aMod 
Gy Wessoig ajnpo; 1U04}99;9 paepueys 


rind. in ecard 


‘[eJUaWIepUNY ay} JO Sse] 
JO Juadiad ¢ 0} S}UaLIND D1UOWUeY HWY OF 
pepuawe BSulaq are YOPOT-J-TIW se yons 
suogeoyloads a1seq ‘suoseas asau} 104 
‘Juauidinba s1u01}9a]8 
ul swiajqoid asned pue ‘sapow dysncoe 
a[qelisapuN JO UCHE}OXe Jy} ASNed ‘sIOJOW 
uoyonpul Aduatyja-yBiy Jo anb1io} ay} 
2onpail ‘sadinap Iyaubew ul sasso] Jamod 
PasealdU! asned ued WIN} Ul WUOJaneMm 
aBeyOr poyo}sip ay} “10}9ej 1amod 
S$,WajsAs ay} aseaidap UD pue SaduepeduII 
Wa}sAs UOIINQUISIP pue ad1NOs ay} YBNoIU} 


ULOJAAEM aHeIOA BY} HO}sIp UPD WajsAs 
Jamod pieoqdiys e ul syuaund S1UOWe}Y 
‘auljzamod ay} ul Sabeyon 
DIUOWLRY Pur ‘SIOJSUAY} Pay]OsJUOD JO 
sajBue Buuy jeoujauiuAse ‘sabeyon Ajddns 
ay} Ul saduRjequn aseyd wo asue ued 
_ J2UUOUGR,, PALA} SAWIAWOS ‘sd|UOWUeY 
JUALIN JOJO ‘SIBULOJSULI] P3109-UOI Pue 
SlayyoaI ale SadINOS UIEW ay] ~SoUOUUeY 
Aouenbadj-aul] JO Sad1nos au} ale yeU/, 
‘staBueyo 
Aouanbay jo asn ay} UeU] aatda}ja Jsoo 
AIOW YONU SI (18}2] passnosip) anbiuysa} 
uolsseiddns stuouuey JoUOJsUeT} 
2H-09 2 Uana ‘JanamoH] ‘J8}][1 ay} JO JYyBiom 
pue azis au} uO JOedUuII ajqeiapisuod sey 
Anuanbay aul ay} ‘souOUueY Sulssaiddns 
JO poujew e se pasn si Huuayy aaissed 
[PUOUSAUOD J] *S1a} NTUOWWeY anissed 
ale W}Shs UOISIOAUOI-Jamod JO}e;NBa1 
Sulydjims e Ul SJU@UOdWOD aAtIsuas 
-Aouanbay Aju au} ‘asojaq pajou sy 
saiuouuvpy Aguanbaiy aury 


SOL 


jEJUBLUEPLUNY JO ssaj 10 YE» 
SUOIJEIIIDGdS UBIIND 1824HN MAN » 


sw3ajqoid juawdinbs 91U04393|9 » 

SO9pOU! IIVSNODE |ayqeslsapuN JO UONLVIDXA » 
$10}OW UO!ONpU! Ul UONONpas anbio] » 
SadIABP DIjaUBeW Ul Sasso] JBMOdg » 


SOIUOLWILY BAISSBDXB JI SUIB]GO1d » 
sajGue Buia! 10}s14Ay} jeotayauuWW As 
saouejequn aseud 


SOIUOLWIEY [PULOUGY » 
SADLUJOJSUBA] P91O9-UOA] » 
S1BIJ199Y @ 


saijddns samod Aq payesauay » 


sosiuoudepyH Aduanbasy aury 


TITS 


‘aseo Q = 1 ay} Aq Jaw aq ued UU} J9}45) 
yonus si pw] UOYRoyIOads juadsed ¢ ayy 
“Ja@MOd Op O} UOISI@AUOD AY} U! (A@UOJSULI} 

a}eIpauULa}U! OU YM) UOHRIY1}Da1 JOaIIP 
aseyd-aa1u} 10} AyyIqeyins s}i JO asnedaq 
soluod}9a[a Jamod 1oye;nBa1 Burysyms 
UJapOUW UI AjaAIsnjoxe Jsouye pasn 
st UoVeINSYUOod sty] ‘AB5ojouyoe} Ajddns 
Jamod mau ay} ul ‘AqueoyIUBis ‘pue suaysAs 
DUOIDaya AreyyiwW UL asn apm ul AyjUaLND 
uoVeindyuos uoyeoyyoe1 eBpugq aseyd 
-Ba1Y] BAeM-|[N} aU} SJUasaidad 1 asnedaq 
}SA1OJUI JO SIQ = 1 YO1yM ul ased aU 
‘pasn 
SUOHIOUUODIAIU! SPOIp JO JOWOJsUeT} 
au} JO Juapuadaput SI }Ua}UOD DJUOWLIeY 
ay JoyyOaI au] JO WUOJaAeM Op yndyno 
au} Ul pousd jeJUawepunNy Jad sajoAo 


"JUA}UOD aiddu jo zaquinu ay} st yotymM “10}9e} 

DUOWUeY Jamo] e Ul }[Nsad [JM YystyM ajddu au} 0} payeyai si yua}UOD JiuoWWeY 

‘10}9e} a]ddu saybiy e 0} OF o} st uoyNjos WNUWIxeW au] $}UaUNd SIUOWIeY 
jequajod vy ‘uoyenuaye ay} 10} sraqy abe] jo aoinos Arewiud ay} si uoyeoyyey 


Buuinbas (ET ‘LT *Z “G) soluouUeY Jamo] ay} SoIUOULIDEY UO1IWDIIfIJI9Y 


an EA Sama eats R BN i A NN a 


901 


RECTIFICATION 


CURRENTS r = 6 
SPECIFICATION 


2 
Z 
Ly CURRENT LIMITS 


HARMONIC CURRENT NUMBER 


= 
© 
= 
<x 
2 
— 
-_ 
O 
ui 
e 
> 
jee) 
Q 
uJ 
72) 
= 
<x 
O 
7p) 
— 
= 
uu 
a 
4 
| 
O 
ns 
= 
2) 
= 
eX 
<x 
= 


a] = 
WiIN3WVONNA 40 JDVLNI0U3d NI 
JONLNdWY LN3ZYYND OINOWYVH 


‘Ajfeuad jsoo pure ‘yysiem 
‘azis a]qelap|suod e sppe asodind siy} 10} 


JOUUOJsuLd e Huisn ‘yseoidde uoyeoyyoe1 
JaLIP ay} Ul anemoy ‘sHuilpumMm 


ajdyjnw 0} anp jsod 10 *}yBIam ‘azis 
ul Ayeuad awos YM ‘Buyes WA} paonpas 
eye ‘wajsis Z[ = 1ue jo GH] juaoied GT 
QU} O} paonpai aq ued Wa}shsgQ = 1Ue sO 
(GH) Uomojsip stuOULeY [e}O} JUadIed TE 

au} ‘Juasaid Apeasye S| BULOJSURI} e J] 
‘Buyiys aseyd pasinbas eonpoid yoiym 
‘sIOUUOJsUeI} a|CdyjNw Aq 10 JBWUOJsUeIy 
ay} UO sHulpulm aiou Aq payealo 
aie $10}9e} ajddu Jaybiy ayy ‘pesn aq 
ysnuu yng euojdo JaBuoj ou si WUOJsuey} 
a}elpaulajul Ue ‘s1ojoRy ajddu 7 

= 110 Z[ = 1aSN 0} Japio ul ‘Janamofy{ 
‘WZ pue ZI 9 = 
J 10} SOJUOWUY Uae OU aie a1ay} ‘UMOYS 
Sv ‘adUedYIUBIs [eoyoed Jo ale pz pue 
Loe =sosoney” eal =u 
alayM ‘juasaid are soluOWWIeY T - Wu AjUO 
‘Aypeoye100y | “(QH_L) Yousojsip StuouUeY 
[2}O} BY} LOMO] ay} a10Ja1ay} pue so1UOUUeY 
UIBLAd JO UOYe]ja0UeRd aU} JoyeaIB 

ay} ‘(4) 10}9e} ajddu ayy seyBiy ou 
$10ja0-4 ajddiy 


T LNAWGNAWY S00P9T -3- TIN. 


JINOWHYVH 


SYOLOVA (4) J1ddIM AUVGNOID]S SNOINVA 404 
(T}) LNJYYND IWLINAWVONN JO O1LVY WV SV NOILWOISILO3Y 


Ag aasnvo (Nijsinayund SINOWYVH 


ie Sa 3: 


‘papuadxa 
St PHOYa Jua|yyns paproid ‘uoissaiddns 
DMUOWULY SAIaya 10} asiwo1d spjoy 
aINyny ay} yeu} Jeadde pjnom yj ‘siojoead 
padfajyjnw paseyd Ajadoid jo asn au} 
yBnoiy} panaiyoe aq Osje ued UOTJeIJeIUeD, 
‘qUOUeY pry} e Buydalul Aq peonpa 
aq ued so1uOWMeY Buysixe [ye ‘Huyeadde st 
anbiuyoe} uoydalut s1uowWey ey “astwuoid 
moys op fay} yng ‘aoqoeid oyu ynd 

Uugaq JaA JOU aARY SanbiuysIe} Jameau ey] 
“‘AyIQeysul 
asneo pinom yoiym sujed yoeqpaa} 
aAtIsod plone O} pasioiaxa aq JSNU aed) 
‘Ayrxajdu09 pue soo Ajuessadeu jou ySnouy} 
‘jyBiam pure azis aonpai Ajqesapisuod 

Ud SAd1Aap ajejS-pljos Huisn siayy aayoy 
“‘waysis Jemod au} 


ul soUOWUeY JUaIQqWwe JO} JuIod aduepedut 
-MO] & sjuasaidas 19}|1j payyauUOd 
-JUNYS AY} Bduls ‘saz anissed jo asn 
ay} ul saBejyuenpesip Wajshs aq Ae a12ay} 
‘osfy ‘Siojowesred Huyayy ut sarouedasosip 
apm asned ued Hulyd}euusiiw aduepedut 
jo wajqoid ayy “‘pasinbai si uoissaaddns 
auowUey Asuanbayy-moy ajqeiapisuod 
ji Aneay pure Ayjng Ajaaniqryoid 

ale ‘ZL Ob 2 10} uaa ‘siayy aaissed 
‘uoyesodo asind-Z[ 
2 10} YIET ay} UeY} 10}e015 1am sotUOWMeY 
YIST PUL UIG “YIS “UG "PUT -S1S8} Ploy 
Ul PUNO} a1aM so!UOWWeY JysuayeseyouN 
jo sapnyiuBepy ‘sopuouuey dysUajeIeYyo 
ay} se sepnyluBew ues ay} jnoge 
aaey AeW SlapsO SUa}oe1eyoUN Moj au} 
‘wiajshs au} UO HBulpuedaq ‘aul 9e ay} UO 
soluOWeY (IySUe}DeIeYSuN JO) jeuUOUge 
zonpoid osye sdurpuim oujewuuAse 
pue ajdyjnpy ‘uoyesado aqeys 2103s 0} 
pounbad are suajsAs Ayttyn-mo] ‘aatsuadxe 
pure ‘Aqyiqe}sul 0} pea] siswuojsueyy asjnd 


orl 


-Z[ -anoge jsow ut pue asind-g] Auew ul 
sBuipum ayy jo Ajawussse pue Ayoydyjnu 
aU SWE] dyI9ads a10WW Humoyjoj ay} 
aYCUW ‘IaAaMoy ‘SIOYIO “d1WOUOIe Aldus 
SI SIU} JO} UOSeAI BU} JEU} }e}S SPDUAIAJOI 
SOW ‘ZZ eroge OF Jou pynoys ji ‘Gg yensn 
ay} WO paseaidul si Jaquinu asjnd ay} 
J! }LY] SNSUAIUOD ke aq O} SUIBAS aay | 
‘JQULOJSURI} & JO aSN ay} UO Alas 
sanyigissod zamau ay}j JO JSOW “iaAamop{ 
“soluOWWeY [eWWOUge Jo UO|ONpal 
pue ‘sanbiuyse} uoye|jaoued Wayshs 
*‘(SIOWOJSUeT] 1O) S1OJDLAI pebbdayyjnw 
‘(sanbiuyse} uoysaful 2uOUUeY) SIaYY 
SAY [OAOU apNjou! asay | “eAN}esayt] OY} Ul 
Passnosip Uaaq aney ainyny ay} 10} astwuo1d 
jeoyoeid moys yoIyM sanbiuyoe} Jamey] 
Seg IPPMOL 4 
‘laquinu asjnd ay} aseaiouloy “e 
uaeq 
aAey SI@USAUOD JO Indjno d1uOUTeY ay} 
Surysturwup jo spoyjew jediouud ayy 
uoissaiddng J1u0uLDyY 


soiuowuey jeuOUge JO UONINPIyY e 
sanbiuyoe} uoijzeyjaaued Wa}sAS @ 

$10}9e91 pabbay-njniW e 
(UONDefuI DIUOLWIeY) S19}]1} BAIJDE J2AAON @ 
S19} II} BAIIOYW @ 
S19} |1} BAISSEd @ 


(seseyd) saquunu asjnd aseassu] @ 


uoissaiddns diuowsey 


‘papaau aie SUOINIOS 1ayaq 

pue ‘sieyop pure ‘Ayiqeljas ‘JYyBiem ‘azis 

UI AAJSOD SI UONNIOS ay} ‘Juana Aue uy “UMOYS 
uagaq jou sey Siayy asind se siaBueys 
Aouanbayy }e}S-pijos mau ay} jo Adeo1yJa 
au ‘y10m Op Aay} jnq—uoVeoydde Suueyy 
S14} 10} payloads 10U paublsap Jeyjieu 


ale sjas QW ‘uoyoe Suvayy ay} epoid 
0} peziyN snuy}j St Jas HP] ay} jo elpaut 
aU peo] Suisind ayy pue wiayshs z}]-99 
s diys au} usamjaq Ja}|y e se yas loyeiaueb 
-JOJOW & asn puke 1aMmod Z}]4-QOp Ajivads 0} 
uaag sey adAj sity} Jo swiajqoid 0} UoyNjOS 
pzepurys y ‘(1amod oe Opp] dA uo 
yead-o}-yeed A Qg) Ind90 ued apnyydwe 
jeyuRysqns Jo UONe|NpOw e ‘Z}] GZ pue g'0 
uaamjaq Aljensn ‘10ye19Uab ayy jo asuodsa1 
DSUaJOeILYD aU} O} payejas Salouanbay ye 
payeedai si peoj days ay} jj ‘welqod waysAs 
2 aq jou Aew 10 Aew asuodsai aj5uls 
SIU, ‘Wa}shs [O1JUOD Japio-puodes pedwep 
-Jom e JO asuodsai IeIIUUIe} AY} O} ALILUIS 
SI peo] ul aBueyp dajs aj5uis e 0} asuodsas 
Jo}JeJaued [eoujdaja ay] S1euUOS pue 
siepel jo Buisind ay} pue soysue Bury5iem 
Sulpnyout ‘suoIpuod jo Ayauen e Aq pasned 
aie speol asind ‘wajqord jeo1bojouyoe} 
Jayjoue aq ued speoy asind 0} spuodsas 
wajshs Jamod jesujoaje ay} Aem ayy, 
4amog asjndg 


ADVLIOA 
4YOLVYANID 
>| Z1Y4H | 


Se O1 80 


LN3ueND 
avol 


SJINVHD GVO1 OL ASNOdS3Y YOLVYINAD 


i 
H 
é 


‘yuawdinbea Jayjo ym Buvayprayut 

Woy speo} asjnd yuanaid 0} MOLY -Q 
"SJUALUND JNUOWULY JO} 

ajyesuadwiod 10 ssaiddns }saq 0} MOY] “e 
are asay | ‘swia}sAs 
juapuadapul Aduanbay pure ‘Z}]-00p ‘ZH 
-09 10} CPRY eiinbad yey} jsixa [ys swajqoid 
OM] ‘(SuustUeYdaLU OAJaS) UOTIUNY 
ay} 0} yoeoidde jeoiuyoa} ayeusayye ue 
asn 1O (Siajaw awy HSuruuns pure siayea1q 
yD) ajqeaBueyoieyul jy pue UO} 
ale JEU} SUOISIAA Z}]-OOp PUP ZH-09 YIOg 
aney Jayjia SJUaUOdWOD dyaUBewoNdaI]a 
paunbai JayiO ‘Jamod 2}]-Q0p esinbar 
Ae S1U0IDe]a payeisosse ay} YSnNo} 
uana ‘iamod Z}]-99 UO ajerado 0} parinbax 
MOU a1e Samo} pur suey ‘JUapuedapul 
Aouenbay Aquasauul are suBisap duo Aoe]a 
MAU Ul UOISI@AUOD Jamod ule aU} 10} 
pasn Bulag mou si0jze{nBai BulyoyMs ‘qr7gy 
2]!] Seuinbad pue auo Wwe}-Huo] ay} ueU} 
xa|dwod ssoj si Wa|qoid sty] ‘yuaudinba 
ZH-O0b 2u} JO peaye paljejsut aq saBueyo 


Aouanbay e yeuj sasinbas yoiym wayshs 

2 ‘sdiys Z}}-99 Uo Jamod 244-9 Hp Buisn 

JO ssaunjaysem ay} si Wa|goid ayeipawwi 

ay} ‘UNL Huo] ay} Ul aq pynom 1amod 
juapuadaput! Asuanbay se ajqeusap sy 

"so1U0I}Daa ay} Hulubisapal 

yNoYWM apeuw aq pjnod Aduenbay 

Jamod Jo aBueyp e ‘sdiys aaueuopied 

-YBIY UleYad 10} 1amod aud se ajqeyins 

a1OUW S| AQUanbadj 19Yy}O GOS 10 ZL OOP J] 


‘SUOIPIa BY} O} preHas jNouyM paziwydo 


aq P[Nood aainos Jamod wuoyeld e 

jo Aouanbayy ay} ‘aouejsul 104 ‘sabeyueape 

jequajod Auew aney pinom suajsAs 
d1U0IDe[a JuUepuedapul Aduenbal{ 

“slayeaIg WN pue ‘siamojq 

‘suR] ‘SIOJOU— SadIAap deUuBewWOoNoaJo 

payeisosse jo Ajauen e UO HuyesjusdU0d 

weisoid q29y ue alinbai pjnom Jamod 

yndut au} jo Aouanbay ay} jo Juapuedapur 

Aljny are yeu} sulajsAs pue yUaudinba 

D1U01}9a]a doyanap 0} Jeu} ‘JaAamoy 

‘pull ut jday aq pinous yf “Aqinds19 


vil 


UOISIAAUOD-JAaMOd ZH-YOp [PUORUaAUOD 
UL} Jayeuus pure 10} 45y si ABOjouYs2} 
MAU SIY} Ul AujINdIID UOISIa@AUOD-1aMod 
JoyejnBai Burysyms ay] “Jamod yndut 
IP 10 ‘ZH-QOP 'ZH-09 Jayye ydasoe jm 
yey} paubisap aq 0} yuawidinba d1u01paa 
juapuadapul Aduanbay smoye yeu} S}sixa 
ABojouysea [ “tamod jesuysaja auiud z}4 
OOP aaey YyoiyM ‘T-WIHd ey} se yons sdiys 
uo paiinba1 alam Jamod yuawdinbea z}4-999 
ji ana] aq pynom awes ayy ‘swiajqoid 1ayj0 
sajeaio Ayxejdwioo pappe au} ‘aiounayyn{ 
“So1UOID9Ja aU} UI SHuNes JUHIaM Aue 
Jo Poe JOuIW ay} ayeBau yndul Z}4-QOp 24} 
aplaoid 0} pajjeysul aq Jsnul yey} SlaHueYS 
Aguanbay ay} jo azis pue }ydiam pappe 
aU Jomod jedueje ewud Z}4-¢99 YH 
sdiys 10} payloads si yuauidinba yons uaym 
AjJSOD SI SN1UOID9e OU] Ul azIs pue jyHiem 
Sues jo asodind ay} 10} indur 1amod 214 
-QOP BSN 0} juewidinba diuo;peja Hurubisap 
Jo aoyoeid ay} yey} UMOUs sey ADN]s SIU] 
dunuuing AS0jouyza 


Q3YyINOIAY SNOILNIOS djALLlad © 
Y43MOd 2H-00% GNV 2H-09 HOS W3A18dO0ud V ® 


SQVO1 3S 1Nd GNV NOISSSYddNS LNAYYND DINOWYVH © 


Quy HLIM 
JI19ISV34 SNDISAG LNAGNAdaGNI-AONANOAYSA © 
JTEVIIVAV ADOTONHOSAL ALVNYALIV © 
ATEVTUNVAV ALINIGILVdINOD 2H 00P/ZH 09 © 


SLNAINOdWOD DILANDVWOYLIITS YAHLO 


G3Y¥INOAY G3Y GNV A1LSOO AYOW ° 
4791SV34 NOISSG LNASGN3daSGNI-AONANDAY © 
ADYNOS YAMOd AW! Yd WOYS 3ALVEAdO OL LOATAS © 


SH4IMO149 ‘SNV4 ‘SHOLOW ®& 


ISN NIGNV ATEVIIVAV © 
IN31DIS435 JHOW ‘YSLHDIT YATIVWS © 
INAGN3dSaGNI AONSNODAYS ATLNAYAHNI © 


SYOLVINSDAY ONIHOLIMS © 


SYSINVHO AONANOAYS 
JLVNIWITS OL JTIGVIIWAY SAHOWOUddV/AIOIONHOAL 


AYVINWNS ADOTONHOSL 


‘wajsAs samod au} apeiSap 3. uop Aauj yeuy 
Os speo|] asind 10} ayesuadwioo 10 ssaiddns 
0} MOY ‘PUOdIAG ‘saljURsuUI|UOU JUaWdInba 
DUOIa/a JayjO pue UOWedyyDIaI 
Aq pasned sauy Jamod ut sjuauno 
DUOULILY OF a}esuadusod 10 aanpai 
0} JSaq MOY “jsAL{ “A/QeI!eAe Mou asoy} UeY} 
SUOYNIOS Jayeq puy O} sHO}ja G7gy ainba1 
Op yey} aoep1ajU! Jamod ay} Burwa.u0d 
SWUa|QOJd [eOIUYI9} OM] ale BIOL 
‘sued jeotueysawio.daje juapuadaput 
-Aouanbad Payyenb dojanap 0} surerB01d 
G'3Y eatsua}xa ainbas pynom ynq ‘ajqisea} 
Ajjeat5ojouyse} mou si Aouanbay auljamod 
JO Juapuedaput Ajjny si yeu} Juaudinba 
DuUoIVa/a ‘puey JayjoO ay} UC ‘papaeu 
Apap si CPQY apy ‘seBueys uoyeoyioads 
pue ‘sjuauajeys Adyod ‘uoyeonpa yBno1y} 
Apsow payuawayjdut aq ued sabueyo 


pasinbas ay] ‘s}yaueq Wayshs pue sues 
}sO9 JeUeYsqns YIM ‘sdiys UO syaBuey 
Aouenbay 10} paau ay} seonpas ABojouyoe} 
Joyejn5a1 Buryoyms ‘paydde Ajadoig 
‘Aoualoyya pue yyBiam ‘azis ut saBeyueape 
sey }! asnesaq sdiys uo pasn Ajbuiseaiout 
Bulag si pue ‘iamod yndut ayy jo Aouanbayy 
9U} O} aAIISUasU! AUaIaUUT SI ABOjOUYIE} 
Joyejn5ai Buryoynsg ‘sayjeued wayshs 
pue ‘sjsoo Suyeiedo ‘sjsoo uoyisinboe 
ybiy aaey ‘ased sayjie ul pasinbas 
‘sraBueyo Aouanbai{ ‘awosajqnoy Aljenba 
S| Sadunos Jamod awud 2}4-QOp ym sdiys 
aouewWopied-ybiy Maj ay} UO Jemod zpy 
-09 5urpioad jo aayoead ayy ‘uawidinba 
2H-00P Yonw Aud yng samod aud 
2H-09 aney sdiys soy ‘sdiys zp4-¢99 uo 
syuawasinbad Z}-(Op Surpoid si wajqoid 
Jofew ay] “aounos [eoUyde]a awd s diys 
aU} JO JEU] WOY juasayip Aguanbay samod 
yndut ue sasn yeu} paljeysut st Juauidinba 
ji diys e uo pasinbas are wiayshs uoynquysip 
Jenp e pue siaBueys Aouanbal4 


suoisnj2u0ZD 


SGVOT 3S 1Nd ONISSMOd @ 
SLN3YYND DINOWYVH JO NOILINGSAY e 
NIVW3Y SW3180dd IVOINHOAL OML LON YO G3ALNIW3I1dWI YAHLIHM e 


G3Y WOWINIW HLIM SSDNVHO NOILVIISID3dS GNV ‘SLN3W 
“ALVLS ADI10d ‘NOILV9NGZ HONOYHL G3LNIW3AIdWI 39 NVI SADNVHOD G3YINOAY e 


LIANSAY T1IM SLNAWSA0UdWI WALSAS GNV SONIAVS LSOD IVILNVLSENS e 


SYSONVHO AINIANDIAYS 
¥O4 LNAWSYINOAY JHL IONGIY TIM ADOTONHOAL AHL JO NOILVOII1ddV YadOUd © 


SNOSV34 HYSHLO YO4 SOINOY1L9313 GHYVOSdIHS NI GASN ONISE SI ADOTONHISL AHL e 


SHYAIDNVHO 
AINANODIAY4A HOS G3IIAN AHL SALVNIWI1S LYVHL JTEVTIVAV SI ADOTONHDAL e@ 


SLSOD WILSAS GNV DONILWH3AdO ‘NOILISINDDV HDIH JAVH SHSDNVHD AININDAYS @ 


SYSONVHO AONINODIAYSA SAYINOAY 
Y3MOd AWIYd WHOILV 1d JHL WOYS LN3Y 34410 SSIONANDAYA YAMOd AO 3SN e 


SNOISNTIONOO 


a 


ry 


‘paau ayy yoddns 
0} SWI Ul YM Jeep aq O} ale syuauNd asind 
pue soluOWeY YM payelosse sula|qoid 
ji Alessadeu sulaas Poya papuedxa ue ynq 
‘SUONNIOS 19}}2q JO} Yeas ay} Ul peBbeHue 
AIL SATA C7QY ]@Ae]-Mo] snoue/, 
‘Aropejsyes Aljnj Way} jo auou puno} 
Apnys sty} yng ‘suoyNjos are alay] “Wayshs 
uoyNquysip Jamod au} ul sjuaunNd asjnd 
pure s}UaLINd S1uOWLIeY JO} ayesuadwWiod 
410 ssaiddns 0} ajqeytene A5ojouyse} 

aU} Pamatnas Apnjs stu} ‘Ajjeuty 
‘ajqeyrene apew aq HOddns siy} 
JOU} pepueWIWOdaL SI} ‘SayAQoe play Aneny 
SWIOS UI pue ainjonays Arojyer0ge| Ane] 
dU} Ul JUasaiC SI s1O}DeIJUOD pue ‘siaBeuew 
uogisinboe ‘szaBeuew wes5oid Aq pepaou 


asiiedxa jeo1uyse} au ‘ABojouysa} ay} 
YyM JeIIWeyUN Ajaageyad aie S1OJeIJUOD 
pue siaBeuew uoyisinboe awiog 

‘ssao0ns jo saaiBap paxiw ym jt asn Aauy 
‘paquosap A5ojouya} Joye[nBa1 Buryoyms 
ay} asn ‘TG-OdS/NV PUP ‘02-MAN/NV 


‘LNAGIYL ‘SIDA se yons ‘juawdinbae 
pue sweidoid Aneny Auew arty 


"eale 
S14} UI Way} Uay}Huays 0} pepuaewWwiodas 
St“OOD9T-A-TIW PUP “ENT 22S 
‘66E1-GLS-TIW Ajwewud ‘suoyeoyioeds 
ay} JO UOROYIPOY| “AjyIquedwos ynoge 
Hug O} JUaIOYJNS JOU SI JULEIJSUOD JO YOR] 
 AjaiaU ‘Ja@AeMOP{ ‘adInos Jamod auiud 
WO; e]d ay} yWM ajquedwios Aouanbay st 
yeu} JUewdinba d1u0MD~Ia Jo Suiubisap ay} 
sjuanaid jeu} sprepueys pue suogeoyioads 
2} Ul MOU HulyjoU SI aJay L, 
"papuawWiWodal SI ‘yeEULIO} 
LSNI.LVWAWN U! ‘Jueweyzeys Aoyod e 
Yong ‘suoyeMep pue silantem UO [OIJUOD Ay} 
uajyy5y pynom pure seduey piepuejs pue 


uolyeaypioads Aressadau 0} UOYIaLIp pue 
AyUOUyNe ani pjnom aoinos jamod Arewud 
WwuoF ed ayy ym ajqueduos yuaudinba 
ainsoid 07 yuawajzeys AoyOd LVWAVN VW 
‘papuewwosal 
osje aie sbuyauq anisua}xy 410M 
ssad01d ay} aye! O} panjosais pue paoeyins 
aq 0} peau swajqoid uapply Auy ‘srosuods 
JO S1OUNe aU} YIM UOISSNIsIp ay} eNnUqUOD 
O} Pa}AU! SI By ‘PAdUIAUOD jOU SI Japeat 
2} J] ‘SI@UJO 0} UMOUY SeaP! ay} Hupjew 
Ag ssao0id uoyeonpe siuj ul djay 0} payut 
st ay ‘Hoda siy} ul seap! Aay ayy jo ApEn 
@y} JO peduNUOD SI Japeal ay} J] ‘aBueyD 
ay} ysyduozze 0} Aressaoau ssa20i1d 
uoyeonpea ay} jo ped si podai siyy 
‘Alessadau 3q 
JM S10}DeUOI puke SWIODSAS 0} HOddns 
Jed1UYIa} SWIOG ‘sabueyo uoyeoytoads 
pure ‘syuauajeys Adyod ‘uoyeonpe jo 
sassaooid ay} Aq Ajuewud sieas Jo poued 
2 JaAO paonpal aq ued siaHueyd Aduanbay 
JO} paau ay} Je} SApN|IuOD Apnys sty 


suoyppuawmWU0s2y 


SGVOT1 AS TNd GNV NOISS3Y¥ddNS LN3AYYdND 
JINOWYVH HLIM GALVIDOSSV SSILIAILOV G8Y GNVdxX4 e@ 


SAHOVOUddV NDISAG GNV ADOIONHIAL 
G3Y¥INOAY AHL HLIM YVITINVANN SYHOLOVYLNOOD GNV 
SYHIOVNVW NOILISINODV OL LYOddNS IWOINHDAL AGIAOUd 


A9110d 
LNAW3A TdW! OL SQYVONVLS GNV SNOILVOISIDAdS ASIGOW 


SADYNOS YAMOd 1V9191L945145 AYVWIYd NYOILV 1d 
JHL AP GALVYANAD SV YAMOd ASN OL ADI1Od V HSINWEVLSS 


WAHL ¥O4 G34N SHL 3DNGSIY OL ALINNLYOddO AHL 
ONV SYSDONVHO AONANODAYS JO LSOO AHL NO ALINAW 
“WOD LNAWSDVNVW ONV IVWOINHOSL AAVN AHL SLVONGA 


SNOILVONSWWOO93Y 


